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The precision measurement of the cable positioning in superconducting coils is of great interest both at
room and liquid nitrogen temperatures because mechanical and thermal deformations affect the quality of
the magnetic field. The paper describes a new two-coordinate measuring device, which is able to obtain
scanned images of flat composite samples at liquid nitrogen temperature. The sample is cooled at 77 K into
a flat quartz tray to permit the optical access to the sample from the bottom. The comparison of the images
taken at room and liquid nitrogen temperatures by a high-resolution flatbed scanner gives the thermal
contraction of the components.
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Abstract
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$EVWUDFW²7KH SUHFLVLRQ PHDVXUHPHQW RI WKH FDEOH SRVLWLRQLQJ LQ
VXSHUFRQGXFWLQJ FRLOV LV RI JUHDW LQWHUHVW ERWK DW URRP DQG
OLTXLG QLWURJHQ WHPSHUDWXUHV EHFDXVH PHFKDQLFDO DQG WKHUPDO
GHIRUPDWLRQV DIIHFW WKH TXDOLW\ RI WKH PDJQHWLF ILHOG 7KH SDSHU
GHVFULEHV D QHZ WZRFRRUGLQDWH PHDVXULQJ GHYLFH ZKLFK LV DEOH
WR REWDLQ VFDQQHG LPDJHV RI IODW FRPSRVLWH VDPSOHV DW OLTXLG
QLWURJHQ WHPSHUDWXUH 7KH VDPSOH LV FRROHG DW  . LQWR D IODW
TXDUW] WUD\ WR SHUPLW WKH RSWLFDO DFFHVV WR WKH VDPSOH IURP WKH
ERWWRP 7KH FRPSDULVRQ RI WKH LPDJHV WDNHQ DW URRP DQG OLTXLG
QLWURJHQ WHPSHUDWXUHV E\ D KLJKUHVROXWLRQ IODWEHG VFDQQHU
JLYHV WKH WKHUPDO FRQWUDFWLRQ RI WKH FRPSRQHQWV
,QGH[ WHUPV²VXSHUFRQGXFWLQJ FRLO WKHUPDO FRQWUDFWLRQ IODWEHG
VFDQQHU
, ,1752'8&7,21
,Q WKH ODVW IHZ \HDUV WKH LPSURYHPHQW RI WKH RSWLFDO
UHVROXWLRQ RI FRPPHUFLDO IODWEHG VFDQQHUV DQG RI WKH WRROLQJ
VRIWZDUH UHTXLUHG IRU LPDJH SURFHVVLQJ KDV PDGH LW SRVVLEOH
WR UHDFK DQ DFFXUDF\ RI D IHZ WHQV RI PLFURQV LQ WKH
PHDVXUHPHQW RI WZRGLPHQVLRQDO VDPSOHV 7KH SRWHQWLDO RI
FRPPHUFLDO IODWEHG VFDQQHUV IRU PHDVXULQJ FRPSRVLWH WZR
GLPHQVLRQDO VDPSOHV LV GLVFXVVHG LQ D SUHYLRXV VWXG\ >@
&RPSDUHG ZLWK RWKHU RSWLFDO GHYLFHV VFDQQHUV RIIHU VHYHUDO
DGYDQWDJHV )LUVW D VFDQQHG ELWPDSSHG LPDJH FDQ EH HDVLO\
DQDO\]HG DQG WUDQVIRUPHG PDWKHPDWLFDOO\ 6HFRQG WKH
FRUUHFWLRQ RI SHUVSHFWLYHV LV QRW UHTXLUHG OLNH LQ RWKHU
WHFKQLTXHV HJ SKRWRJUDPPHWU\ 7KLUG WKH VRIWZDUH








HWF +RZHYHU LW VKRXOG EH UHPDUNHG WKDW WKH RSWLFV RI D
VFDQQHU GLIIHU VLJQLILFDQWO\ IURP WKDW RI D PLFURVFRSH DQG DQ
DFFXUDF\ LQ WKH PHDVXUHPHQWV EHWWHU WKDQ PP LV H[WUHPHO\
GLIILFXOW WR REWDLQ
7KLV SDSHU GHVFULEHV WKH GHYLFH DQG WKH PHWKRG DSSOLHG WR
PHDVXUH GHIRUPDWLRQV LQ IODW FRPSRVLWH REMHFWV ERWK DW URRP
DQG OLTXLG QLWURJHQ WHPSHUDWXUHV :H VWXG\ WKH DUUDQJHPHQW
WKDW PDNHV SRVVLEOH WR SURWHFW WKH RSWLFDO V\VWHP IURP WKH
GUDVWLF GURS RI WHPSHUDWXUH DQG DYRLG LPDJH GLVWRUWLRQV
FDXVHG E\ ZDWHU FRQGHQVDWLRQ :H HPSKDVL]H WKH LPSRUWDQFH
RI XVLQJ JRRG VWDQGDUGV LH UHIHUHQFH LPDJHV RI NQRZQ
GLPHQVLRQV XVHG WR FDOLEUDWH WKH PHDVXUHPHQWV DQG DGHTXDWH
VFDQQHUV WR REWDLQ VXIILFLHQW DFFXUDF\ +HUH WKH PHWKRG LV
DSSOLHG WR REWDLQ D KLJKUHVROXWLRQ LPDJH RI D FURVVVHFWLRQ RI
DQ /+& GLSROH DW OLTXLG QLWURJHQ WHPSHUDWXUH
0DQ\ PHWKRGV KDYH EHHQ GHYHORSHG WR PHDVXUH WKHUPDO
FRQWUDFWLRQ LQ KRPRJHQRXV VDPSOHV DW ORZ DQG KLJK
0DQXVFULSW UHFHLYHG RQ  6HSWHPEHU 
WHPSHUDWXUHV SXVKURG GLODWRPHWHUV >@ WZLQWHOHPLFURVFRSHV
>@ LQWHUIHURPHWHUV >@ SDUDOOHO SODWH FDSDFLWRUV >@ [UD\V
>@ +RZHYHU OLWWOH ZRUN KDV EHHQ GRQH IRU WKH PHDVXUHPHQW




7KH LQWHUQDO FRPSRQHQWV RI IODWEHG VFDQQHUV DUH EDVLFDOO\
WKUHH VHQVRUV RSWLFDO LQWHUIDFH DQG VWHSSHU PRWRU
6HQVRUV JHQHUDOO\ &KDUJHG&RXSOHG 'HYLFHV &&' DUH
YHU\ VHQVLWLYH WR WHPSHUDWXUH YDULDWLRQV DQG FRQVHTXHQWO\
PXVW EH WKHUPDOO\ LVRODWHG IRU FROG PHDVXUHPHQWV $
FRQILJXUDWLRQ VLPLODU WR (3621  )LJ  LQ ZKLFK
&&' VHQVRUV DUH IDU DZD\ IURP WKH VFDQQHU ZLQGRZ LV WKH
PRVW DGYLVDEOH IRU FROG PHDVXUHPHQWV DQG ZDV FKRVHQ KHUH
$OO FRPPHUFLDOO\ DYDLODEOH VFDQQHUV DUH RSWLFDOO\ FDOLEUDWHG
IRU D JLYHQ VHSDUDWLRQ GLVWDQFH EHWZHHQ WKH VFDQQHU ZLQGRZ
DQG WKH DUUD\ RI VHQVRUV 7KHUHIRUH RQO\ VFDQQHUV ZKLFK FDQ
REWDLQ D IRFXVVHG LPDJH RI WKH VDPSOH VHYHUDO PLOOLPHWHUV
RYHU WKH VFDQQHU ZLQGRZ ZLOO EH RI LQWHUHVW IRU FROG
PHDVXUHPHQWV 7KH RSWLFDO OHQJWK EHWZHHQ VDPSOH DQG &&'
PXVW EH DV ORQJ DV SRVVLEOH WR UHGXFH WKH GHIRFXVLQJ HIIHFW
7KH XVH RI PLUURUV LQ WKH RSWLFDO LQWHUIDFH KHOSV WR LQFUHDVH
WKLV RSWLFDO OHQJWK
7KH VWHSSHU PRWRU LV FDOLEUDWHG LQ PDQ\ VFDQQHUV LQ PRYLQJ
LQFUHPHQWV ZKLFK DUH LGHQWLFDO WR WKH VFDQQHU UHVROXWLRQ
VWHSV LQ RWKHU VFDQQHUV FDQ EH ò RI WKH VFDQQHU UHVROXWLRQ
+RZHYHU ZKHQ D VDPSOH LV SODFHG VHYHUDO PLOOLPHWHUV RYHU
WKH VFDQQHU ZLQGRZ WKH ; DQG < D[HV KDYH GLIIHUHQW VFDOHV
7KHUHIRUH WKH GLPHQVLRQV DORQJ KRUL]RQWDO DQG YHUWLFDO D[LV
PXVW EH VFDOHG
% 6WDQGDUGV DQG 6FDQQHU &DOLEUDWLRQ
$Q LPDJH ZLWK NQRZQ GLPHQVLRQV LV XVHG DV D VWDQGDUG WR
FDOLEUDWH WKH VFDQQHU $OO PHDVXUHPHQWV RQ WKH VFDQQHG
LPDJH DUH EDVHG RQ WKH SRVLWLRQ RI WZRFRRUGLQDWH SRLQWV
8VXDOO\ SRLQWV DUH GHILQHG DV WKH LQWHUVHFWLRQ RI WZR WKLQ
OLQHV +RZHYHU VFDQQHUV VLPLODU WR WKH KXPDQ H\H GHWHFW WKH
ERXQGDU\ OLQHV EHWZHHQ WZR FRPSOHPHQWDU\ FRORUV PXFK
EHWWHU WKDQ WKLQ OLQHV RQ XQLIRUP EDFNJURXQGV )RU WKLV
UHDVRQ ZH IRXQG WKDW DQ DGHTXDWH FRQILJXUDWLRQ IRU WKH
VWDQGDUG LV D PDWUL[ RI HTXDOO\ VHSDUDWHG EODFN VTXDUHV RI
 PP RQ D ZKLWH RU WUDQVSDUHQW EDFNJURXQG 7KH FRUQHUV RI
WKH VTXDUHV ZHUH XVHG WR FDOLEUDWH WKH PHDVXUHPHQWV
7KH PRUH WKH GLVWDQFH EHWZHHQ WKH VDPSOH DQG WKH VFDQQHU











&(51 /+& 'LYLVLRQ *HQHYD 6ZLW]HUODQG
6XSHUFRQGXFWLYLW\ *URXS &,(0$7 0DGULG 6SDLQ
$0HWKRG WR 0HDVXUH 7KHUPDO 'HIRUPDWLRQV RI 6XSHUFRQGXFWLQJ 0DJQHW
&URVV 6HFWLRQV
<D[LV LV UHGXFHG 7KH GLPHQVLRQ RI WKH YHUWLFDO D[LV GRHV QRW
GHSHQG RQ WKLV VHSDUDWLRQ GLVWDQFH EHFDXVH WKH LQFUHPHQWV RI
WKH VWHSSHU PRWRU DUH FRQVHUYHG GXULQJ WKH VFDQQLQJ SURFHVV
+RZHYHU WKH GLPHQVLRQ RI WKH KRUL]RQWDO D[LV FKDQJHV
EHFDXVH WKH VHSDUDWLRQ EHWZHHQ WKH VDPSOH DQG WKH
FRQYHUJHQW OHQV LQFUHDVHV )LJXUH  VKRZV WKH VFDOLQJ
YDULDWLRQ IRU LQFUHDVLQJ GLVWDQFHV EHWZHHQ WKH VWDQGDUG DQG
WKH VFDQQHU ZLQGRZ 7KH OLQHDU EHKDYLRU LV LQ DJUHHPHQW ZLWK
WKH JHRPHWULFDO EHKDYLRU RI D FRQYHUJHQW OHQV
& 8QFHUWDLQW\ LQ WKH 0HDVXUHPHQWV
7KH DFFXUDF\ RI WKH PHWKRG IRU URRP WHPSHUDWXUH
PHDVXUHPHQWV ZDV GHWHUPLQHG E\ PHDVXULQJ WKH GLVWDQFH
EHWZHHQ WZR SRLQWV RI WKH VWDQGDUG DORQJ WKH KRUL]RQWDO DQG
WKH YHUWLFDO VFDQQLQJ GLUHFWLRQV 7DEOH  VKRZV WKH REWDLQHG
VWDQGDUG GHYLDWLRQV IRU WZR GLIIHUHQW RSWLFDO UHVROXWLRQ
VFDQQHUV ,Q JHQHUDO WKH XQFHUWDLQW\ LQ OHQJWK GHFUHDVHV ZLWK
WKH RSWLFDO UHVROXWLRQ RI WKH VFDQQHU DORQJ WKH KRUL]RQWDO
GLUHFWLRQ ZKLOH LW GHSHQGV RQ WKH FKDUDFWHULVWLFV RI WKH
VWHSSHU PRWRU IRU YHUWLFDO PHDVXUHPHQWV
7KH UHODWLYH PRWLRQ RI WKH OHQV DQG PLUURU XQLWV IRU WKH
VFDQQHU (3621  JHQHUDWHV DQ XQFHUWDLQW\ LQ OHQJWK
DORQJ WKH YHUWLFDO VFDQQLQJ GLUHFWLRQ ODUJHU WKDQ H[SHFWHG
7KH VWDWLF GLVSRVLWLRQ RI WKH GHWHFWLRQ V\VWHP UHTXLUHV WZR
GLIIHUHQW VSHHG PRWRUV IRU ZKLFK WKH FDOLEUDWLRQ RI WKH
UHODWLYH PRWLRQ LV PRUH FRPSOLFDWHG WKDQ IRU D VLQJOH PRWRU
' ([SHULPHQWDO 6HWXS
)LJXUH  LOOXVWUDWHV WKH GLIIHUHQW FRPSRQHQWV RI WKH GHYLFH DV
WKH\ ZHUH GHVLJQHG WR UHVLVW WKH GLUHFW DGGLWLRQ RI OLTXLG
QLWURJHQ (DFK FRPSRQHQW LH TXDUW] WUD\ KHLJKWDGMXVWDEOH
VKHOI VFDQQHU DQG RXWHU FKDVVLV KDV D ZHOOGHILQHG IXQFWLRQ
WR DVVXUH WKH DGHTXDWH WKHUPDO LVRODWLRQ RI VHQVRUV DQG
HOHFWURQLF FRPSRQHQWV RI WKH VFDQQHU
,PPHGLDWHO\ DIWHU WKH DGGLWLRQ RI OLTXLG QLWURJHQ KHDW LV
WUDQVPLWWHG IURP WKH VFDQQHU WR WKH WUD\ LQ WKUHH GLIIHUHQW
ZD\V FRQGXFWLRQ UDGLDWLRQ DQG FRQYHFWLRQ 7KH DGHTXDWH
VHOHFWLRQ RI PDWHULDOV DQG WKH FRUUHFW GLVSRVLWLRQ RI WKH
FRPSRQHQWV UHGXFH FRQVLGHUDEO\ WKH IOX[ RI HQHUJ\ +RZHYHU
WKH ODUJH DPRXQW RI HQHUJ\ LQYROYHG GXULQJ WKH FRROLQJ
SURFHVV PDNHV LW QHFHVVDU\ WR FDUU\ RXW DOO PHDVXUHPHQWV
EHIRUH WKH ZKROH V\VWHP WUD\ VKHOI DQG VFDQQHU KDV UHDFKHG
WKHUPDO HTXLOLEULXP
7KH FKRLFH RI TXDUW] WR EXLOG WKH WUD\ LV PRWLYDWHG E\ WZR
UHDVRQV )LUVW WKH YHU\ ORZ WKHUPDO H[SDQVLRQ FRHIILFLHQW IRU
TXDUW] DYRLGV LW IURP EUHDNLQJ ZKHQ OLTXLG QLWURJHQ LV DGGHG
GLUHFWO\ LQWR WKH WUD\ DQRWKHU WUDQVSDUHQW PDWHULDO WKDW UHVLVWV
WKH GLUHFW DGGLWLRQ RI OLTXLG QLWURJHQ LV 3\UH[ 6HFRQG WKH
YHU\ ORZ WKHUPDO GLIIXVLYLW\ RI TXDUW] SHUPLWV D FRQVLGHUDEOH
LQFUHDVH LQ WKH QXPEHU RI PHDVXUHPHQWV EHIRUH WKH VFDQQHU
FRROV
7KH KHLJKWDGMXVWDEOH VKHOI FRQVLVWV RI D  PP WKLFN IUDPH RI
JODVVILEUH ZKLFK KROGV D  PP FRQYHQWLRQDO JODVV ZLQGRZ
7R DYRLG JODVV ZLQGRZ EHQGLQJ DQG WKH VXEVHTXHQW IUDFWXUH
WKH GLPHQVLRQV RI WKH JODVV ZLQGRZ FDQ RQO\ EH D IHZ
FHQWLPHWHUV ODUJHU WKDQ WKH TXDUW] WUD\ LW LV KROGLQJ
$GGLWLRQDOO\ WKH  PP WKLFN DLU FKDPEHU EHORZ WKH JODVV
ZLQGRZ UHGXFHV FRQVLGHUDEO\ WKH WUDQVPLVVLRQ RI KHDW E\
FRQGXFWLRQ EHWZHHQ WKH VFDQQHU DQG WKH VDPSOH 7KH XVH RI
JODVV LQVWHDG RI TXDUW] LV PRWLYDWHG EHFDXVH JODVV WUDQVLWLYLW\
YDQLVKHV IRU LQIUDUHG UDGLDWLRQ RI ZDYHOHQJWK ORQJHU WKDQ 
PP 7KLV W\SH RI UDGLDWLRQ LV HPLWWHG E\ WKH VFDQQHU ZKLFK







)LJ $UUDQJHPHQW RI WKH RSWLFDO FRPSRQHQWV IRU WKH VFDQQHU (3621 
)LJ  'HFUHPHQW RI WKH KRUL]RQWDO VFDOH RI WKH VFDQQHG LPDJH IRU LQFUHDVLQJ
GLVWDQFHV EHWZHHQ WKH VFDQQHU ZLQGRZ DQG WKH VDPSOH
7$%/( ,
81&(57$,17,(6 ,1+25,=217$/ $1'9(57,&$/ 6&$11,1*
',5(&7,216 )25 7:2',))(5(17 )/$7%(' 6&$11(56
8QFHUWDLQWLHV IRU URRP WHPSHUDWXUH PHDVXUHPHQWV
6WDQGDUG GHYLDWLRQV IRU D OHQJWK RI  PP
(3621  2SWLFDO UHVROXWLRQ  VSL
 
[
V PP  \V PP
6LPSOH[ &RPSH\H 2SWLFDO UHVROXWLRQ  VSL
 
[
V PP  \V PP
)LJ  ([SHULPHQWDO VHWXS D  FPWKLFN VOLFH RI D FROODUHG FRLO RI D /+& VKRUW
GLSROH SURWRW\SH LQVLGH WKH TXDUW] WUD\ LV SODFHG RQ WKH JODVV ZLQGRZ RI WKH
VFDQQHU SKRWR 7KH VFKHPH RI WKH GHYLFH LV VKRZQ LQ WKH GUDZQ
7KH FRROLQJ RI WKH FRPSRQHQWV LQVLGH WKH VFDQQHU LV PDLQO\
FDXVHG E\ DLU FRQYHFWLRQ )RUWXQDWHO\ WKLV FRROLQJ SURFHVV LV
YHU\ VORZ IRU &&' VHQVRUV DQG PHDVXUHPHQWV FDQ EH FDUULHG
RXW EHIRUH UHSURGXFLELOLW\ RI WKH VFDQQHG LPDJHV LV DIIHFWHG
,,, (;3(5,0(17
7R PHDVXUH WKH PRGLILFDWLRQV LQ FDEOH SRVLWLRQLQJ GXH WR
WKHUPDO FRQWUDFWLRQ ZH XVHG D  FPWKLFN VOLFH RI D FROODUHG
FRLO XVHG IRU WKH /+& VKRUW GLSROH SURWRW\SHV 7KH VOLFH ZDV
ILUVW SODFHG LQ WKH TXDUW] WUD\ DQG WKH LPDJH IUDPHG ZLWK D
SUHYLHZ VFDQQLQJ $IWHUZDUGV WKH PDJQHW FURVV VHFWLRQ ZDV
UHPRYHG IURP WKH WUD\ DQG WKH VWDQGDUG ZDV VFDQQHG RQFH
ZLWK D UHVROXWLRQ RI  VDPSOHV SHU LQFK VSL FRQVHUYLQJ
WKH VFDQQLQJ GLPHQVLRQV RI WKH SUHYLHZ LPDJH 7KHQ WKH
PDJQHW FURVV VHFWLRQ ZDV SODFHG DJDLQ LQWR WKH WUD\ DQG
VFDQQHG DW URRP WHPSHUDWXUH
7KH FRROLQJ SURFHVV RI WKH VDPSOH GRZQ WR  . ZDV FDUULHG
RXW LQ WZR VWHSV ,Q WKH ILUVW VWHS WKH PDJQHW FURVV VHFWLRQ
ZDV FRROHG GRZQ WR DSSUR[LPDWHO\  . E\ SODFLQJ D
SRO\HWK\OHQH EDJ IXOO RI OLTXLG QLWURJHQ RQ WKH XSSHU SDUW RI
WKH FROODUHG FRLO VOLFH ,Q VXFK D ZD\ WKH VDPSOH ZDV FRROHG
E\ FRQGXFWLRQ ZLWKRXW DIIHFWLQJ WRR PXFK RWKHU FRPSRQHQWV
RI WKH GHYLFH $IWHU  PLQXWHV WKH EDJ ZDV UHPRYHG DQG
OLTXLG QLWURJHQ DGGHG LQWR WKH WUD\ 7KH PDJQHW FURVV VHFWLRQ
ZDV VFDQQHG ZKHQ WKH OLTXLG QLWURJHQ VWRSSHG ERLOLQJ
7KH FRQGHQVDWLRQ RI ZDWHU LQ WKH LQQHU IDFH RI WKH VFDQQHU
ZLQGRZ ZDV WKH ZRUVW LQFRQYHQLHQFH IRU REWDLQLQJ JRRG
TXDOLW\ LPDJHV +RZHYHU D PPWKLFN DLU FKDPEHU EHORZ
WKH TXDUW] WUD\ GHOD\HG WKH FRQGHQVDWLRQ RI ZDWHU E\ DERXW 
PLQXWHV DIWHU WKH DGGLWLRQ RI OLTXLG QLWURJHQ LQWR WKH WUD\
7R PHDVXUH WKH FDEOH SRVLWLRQLQJ RQ WKH VFDQQHG LPDJHV ZH
XVHG WKH SURJUDP $XWR&$' >@ 6LQFH WKH VFDQQHG LPDJHV RI
WKH VWDQGDUG DQG RI WKH PDJQHW FURVV VHFWLRQ DW URRP DQG
OLTXLG QLWURJHQ WHPSHUDWXUHV KDG LGHQWLFDO VL]H DQG
UHVROXWLRQV WKHLU FRPSDULVRQ JDYH WKH UHDO GLPHQVLRQV RI WKH
VDPSOH 7KH PDLQ URXWLQHV RI WKH SURJUDP $XWR&$' ZHUH
WKHQ XVHG WR PHDVXUH OHQJWKV DQJOHV RU WKH SRVLWLRQ RI WKH
SRLQWV LQ WKH VFDQQHG LPDJHV
7R GHWHUPLQH WKH RULHQWDWLRQ RI WKH PDJQHW ZH DSSOLHG OHDVW
VTXDUH ILWWLQJ WR WKH NH\VWRQH YHUWH[ SRLQWV DW ERWK VLGHV RI WKH
KRUL]RQWDO V\PPHWU\ D[LV RI WKH PDJQHW 7KH VORSH RI WKH OLQH
JDYH WKH RULHQWDWLRQ DQJOH 7KH SRVLWLRQ RI WKH FHQWHU RI WKH
PDJQHW LQ WKH LPDJH UHIHUHQFH IUDPH ZDV REWDLQHG E\ WDNLQJ
WKH JHRPHWULFDO FHQWHU RI DOO WKHVH SRLQWV )LJXUH  LQFOXGHV D
SDUW RI WKH VFDQQHG LPDJH RI D GLSROH FURVV VHFWLRQ DW  .
:H DOVR GHYHORSHG VRPH VRIWZDUH WR SRVWSURFHVV WKH REWDLQHG
FRLO GHIRUPDWLRQ WR HYDOXDWH WKH HIIHFW RQ WKH ILHOG TXDOLW\ $Q
LQSXW ILOH ZLWK WKH GHIRUPDWLRQ RI HDFK FRQGXFWRUV FDQ EH
JHQHUDWHG WKHVH GDWD FDQ EH XVHG E\ 52;,( >@ D FRGH
GHYHORSHG DW &(51 IRU WKH HYDOXDWLRQ RI PDJQHWLF ILHOG LQ
PDJQHW FURVV VHFWLRQV 7KH QRPLQDO GHVLJQ RI WKH PDJQHW LQ
WKH IRUPDW RI D 52;,( LQSXW ILOH FDQ DOVR EH VXSHULPSRVHG WR
WKH VFDQQHG LPDJH WR KDYH D GLUHFW YLHZ RI WKH HIIHFW RI FRLO
GHIRUPDWLRQV
,9 &21&/86,216
$ VLPSOH DQG HIIHFWLYH PHWKRG RI PHDVXULQJ FDEOH
SRVLWLRQLQJ LQ PDJQHW FURVV VHFWLRQV DW URRP DQG OLTXLG
QLWURJHQ WHPSHUDWXUHV KDV EHHQ GHVFULEHG 7KH PD[LPXP
XQFHUWDLQW\ LQ OHQJWK LV HVWLPDWHG WR EH LQ WKH UDQJH EHWZHHQ
 DQG  PP IRU RSWLFDO VFDQQHU UHVROXWLRQV ODUJHU WKDQ 
VSL DQG VDPSOH VFDQQLQJ GLPHQVLRQV VPDOOHU WKDQ
 [  PP
7KH DFKLHYHPHQW RI JRRG TXDOLW\ VFDQQHG LPDJHV IRU FROG
PHDVXUHPHQWV UHTXLUHG IODWEHG VFDQQHUV RI ORQJ RSWLFDO
LQWHUIDFHV EHWZHHQ WKH VDPSOH DQG WKH OHQV $OVR WKH






VKHOI IRU WKH WUD\
6FDQQHU
)LJ  'HWDLO RI WKH GLSROH FURVV VHFWLRQ VFDQQHG DW  . 7KH QRPLQDO SRVLWLRQV
RI WKH FRQGXFWRUV DUH SORWWHG WKLQ OLQHV WR HYDOXDWH WKH HIIHFW RI FRLO
GHIRUPDWLRQV
ZLQGRZ IDFLOLWDWHG WKH VFDOH UHSURGXFLELOLW\ RI WKH VFDQQHG
LPDJHV
7KH WKHUPDO LVRODWLRQ RI WKH HOHFWURQLF FRPSRQHQWV RI WKH
VFDQQHU FRQVLGHUHG WKH WKUHH SRVVLEOH ZD\V RI KHDW
SURSDJDWLRQ FRQGXFWLRQ UDGLDWLRQ DQG FRQYHFWLRQ 7KH ILQDO
DUUDQJHPHQW RI WKH GHYLFH LQYROYHG PDWHULDOV RI ORZ KHDW
GLIIXVLYLW\ TXDUW] KLJK UHVLVWDQFH WR WKH GLUHFW DGGLWLRQ RI
OLTXLG QLWURJHQ TXDUW] ORZ WUDQVPLVVLRQ RI UDGLDWLRQ LQ WKH
LQIUDUHG UHJLRQ JODVV DQG ORZ WKHUPDO FRQGXFWLYLW\ DLU
FKDPEHU
7KH FRUUHFW VFDOLQJ RI WKH LPDJH DORQJ WKH KRUL]RQWDO DQG
YHUWLFDO VFDQQLQJ GLUHFWLRQV UHTXLUHG RQH WR PDNH XVH RI RQH
WZRFRRUGLQDWH VWDQGDUG 7KH VWDQGDUG FKDUDFWHULVWLFV ZHUH LQ
DJUHHPHQW ZLWK WKH VFDQQHU RSWLFV 7KHUHIRUH WKLQ OLQHV ZHUH
GLVFDUGHG 7KH ERXQGDU\ OLQH EHWZHHQ WZR FRPSOHPHQWDU\
FRORUV ZDV PRUH DGHTXDWH IRU WZRFRRUGLQDWH PHDVXUHPHQWV
ZLWK WKH VFDQQHU
5()(5(1&(6
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